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PRELIMINARY AMENDMENT UNDER 37 C.F.R. 1.115 



Honorable Assistant Commissioner for Patents 
United States Patent and Trademark Office 
Box NEW PATENT APPLICATION 
Washington, D.C. 20231 

Dear Assistant Commissioner: 

Now comes Applicant, by counsel, and respectfully submits the following Preliminary 

Amendment under 37 C.F.R. 1 15 in regard to the above-referenced application, filed herewith 

under 35 U.S.C. 371. 

Please amend claims numbered 3, 7, 10-13 and 18-20 and add new claims numbered 21- 
34, as set forth below in the clean version of all 34 claims numbered 1-34 currently pending in 
the present case. A marked-up copy of the claims amended hereby showing the changes made is 
attached hereto. For the purpose of the within Amendment, Applicant respectfully requests that 
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the text appearing in brackets be deleted and that the underlined text be inserted. 

CLEAN VERSION OF ALL PENDING CLAIMS NUMBERED 1-34 

1 . A method of conditioning a grinding wheel in which a groove has been formed, 
comprising the steps of engaging the unconditioned groove with part of the periphery of a wafer 
workpiece, rotating the wafer through a small angle so as to perform a shallow grind over a small 
arcuate extent of the rim of the wafer, dis-engaging the wheel from the wafer and axially shifting 
the wheel or the wafer before re-engaging and performing a similar grind over another arcuate 
region of the wafer and performing a sequence of such steps around part or all of the 
circumference of the wafer thereby to removing bonding material from the surface of the groove 
in the grinding wheel and expose the grinding grit, and thereby condition the wheel. 

2. A method according to claim 1 in which the depth to which each of the arcuate 
grinds is performed is limited so as not to encroach into the useful material from which the wafer 
is constructed, so that a final grinding process performed on the wafer so as to remove the 
remainder of the extraneous material from the periphery of the wafer will still leave a full size 
wafer with a correctly formed profile around its periphery. 

3. A method according to claim 1 for forming and re-forming grinding wheels, 
particularly metal bonded grinding wheels, which is performed in situ. 

4. An edge grinding machine in which a workpiece is rotated relative to a rotating 
grinding wheel having a groove formed in its surface for grinding the periphery of the workpiece 
to size and shape, in which a spark erosion electrode is mounted for rotation with the workpiece, 
and the wheel to be formed and reformed is axially shifted and advanced, so that the region 
thereof which is to be formed with a groove or containing a groove which is to be re-formed can 



-2- 



:i. era n. C7* •& 7 - O-f^o ?i;t;E 

Serial No. (not yet assigned) 
Our Ref. LAL-C534-US 

be engaged by the spark erosion electrode as the latter rotates about the workpiece axis, and 
forming and re-forming of the groove in the grinding wheel is performed by rotating the grinding 
wheel at high speed whilst simultaneously rotating the electrode around the workpiece axis so 
that spark erosion is performed around the whole of the circumference of the groove. 

5. A method of forming the external peripheral surface of a forming wheel carried 
by a work spindle, in which the forming wheel is used to form and re-form grooves in grinding 
wheels for grinding the edge profile and the notch profile of a wafer mounted for rotation about 
the same axis as the forming wheel, and in which a stationary grooved electrode is mounted to 
the machine and is adapted to be moved into close proximity to the edge of the forming wheel 
mounted on the workpiece spindle so that part of the arcuate extent of the said circumference is 
embraced by a groove within the electrode, and electro-discharge machining is performed as the 
forming wheel is rotated so as to form the desired profile around the periphery of the forming 
wheel to enable it to continue to perform its forming and re-forming task. 

6. A method according to claim 5 in which the electro-discharge machining 
comprises spark erosion. 

7. A method according to claim 5 when used for grinding wheels. 

8. A machine having fitted thereon an arcuate electrode adapted to be moved 
towards and away from the edge of a forming wheel, the forming wheel being mounted on a 
work spindle to the rear of a workpiece mounting device such as a vacuum chuck, and means for 
advancing the electrode so that a groove therein embraces the edge of the forming wheel to allow 
electro-discharges machining to be performed on the external circumference of the forming 
wheel. 

9. A machine according to claim 8 in which the forming wheel is a metal bonded 
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grinding wheel used as an electrode in an electro-discharge machining process for forming and 
re-forming grooves in edge grinding wheel and notch grinding wheels mounted on the same edge 
grinding machine. 

10. A machine according to claim 8 in which both the wheel and electrode are 

rotated. 

11. A machine according to claim 8 in which the electrode is located to the rear of a 
vacuum chuck on which is normally mounted a disc-like workpiece whose periphery is to be 
ground. 

12. A machine according to claim 8 in which a separate disc electrode is employed 
which is also adapted to be mounted on the workpiece mounting device attached to the 
workpiece spindle for rotation thereby in place of a workpiece. 

13. A method of operating a machine according to claim 1 1 in which the profile of 
the ground periphery of the workpiece is measured using an optical inspection system enabling 
the profile, to be checked by eye, to be checked against a profile or to be optically projected onto 
a photoelectric device such as a CCD camera of the like, whereby a video signal can be produced 
for processing and/or display on a visual display unit. 

14. A method according to claim 13 in which video signals are obtained, are stored, 
processed, and compared with template signals, subjected to an algorithm to determine the shape 
of the device which produces the signals, and otherwise measured and investigated to determine 
the correctness or otherwise of the ground profile. 

15. A method according to claim 13 in which signals are displayed on a visual display 
unit, the enlarged display of the profile being checked by eye and/or checked against an optical 
profile device offered up to the screen of the visual display unit for comparison. 
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16. A method of positioning a grooved grinding wheel relative to a disc-like circular 
workpiece for edge grinding the latter using the groove in the wheel to produce two converging 
frustoconical surfaces around the rim of the workpiece, comprising the steps of mounting the 
workpiece for rotation about a first axis, mounting the grooved grinding wheel for rotation about 
a second parallel axis, effecting relative movement between the workpiece and the wheel to 
engage the rim of the wheel within the groove, performing a preliminary grind, separating the 
wheel from the wafer, measuring the peripheral rim of the wafer to determine the accuracy of its 
form relative to a template or to stored data relating to the desired form, axially adjusting the 
position of the wheel and therefore the groove in response to the measurements made in the 
profile of the rim produced by the preliminary grind, re-grinding the rim with a second 
preliminary grind with the grinding wheel located at the axially shifted position, measuring the 
profile of the ground rim of the workpiece as before, adjusting the axial position of the grinding 
wheel again, re-grinding the ground periphery of the workpiece and repeating the measuring and 
axial shifting steps until the rim profile possesses the desired accuracy, and utilising the final 
position of the grooved grinding wheel for grinding future wafers. 

17. A method according to claim 16 in which the sequence of preliminary grinds are 
formed one after the other around the rim of the circular workpiece, with a small axial shift of 
the grinding wheel between each preliminary grind, each said preliminary grind being performed 
over only a small arcuate extent of the overall circumference of the rim, the rotational position of 
each said preliminary grind and the corresponding axial position of the grooved grinding wheel 
being noted and stored for future reference, and the profile obtained by each of the succession of 
preliminary grinds is measured, and the axial position for future grinds is determined by 
reference to the result obtained from each of the different preliminary grinds by selecting the 
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axial position for the wheel which gave the best profile. 

1 8. A method according to dlaim 16 in which the preliminary grinds are measured 
whilst the workpiece is still mounted in the grinding station, or in which the workpiece is de- 
mounted and taken to an inspection location for the preliminary grinds around its periphery to be 
measured. 

19. A method according to claim 16 in which the preliminary grinds do not encroach 
into the final size of the wafer so that after the succession of preliminary grinds has been 
completed and the correct position for the grooved grinding wheel has been selected, a final 
grinding step performed on the wafer will allow the latter to be ground to size with the peripheral 
profile correctly located relative to the two parallel faces of the wafer. 

20. A method according to claim 16 for use in positioning grinding wheels which 
cannot be formed and re-formed in situ, particularly metal bonded wheels. 

21. A method according to claim 2 for forming and re-forming grinding wheels, 
particularly metal bonded grinding wheels, which is performed in situ. 

22. A method according to claim 6 when used for grinding wheels. 

23. A machine according to claim 9 in which both the wheel and electrode are 

rotated. 

24. A machine according to claim 9 in which the electrode is located to the rear of a 
vacuum chuck on which is normally mounted a disc-like workpiece whose periphery is to be 
ground. 

25. A machine according to claim 10 in which the electrode is located to the rear of a 
vacuum chuck on which is normally mounted a disc-like workpiece whose periphery is to be 
ground. 
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26. A machine according to claim 9 in which a separate disc electrode is employed 
which is also adapted to be mounted on the workpiece mounting device attached to the 
workpiece spindle for rotation thereby in place of a workpiece. 

27. A machine according to claim 10 in which a separate disc electrode is employed 
which is also adapted to be mounted on the workpiece mounting device attached to the 
workpiece spindle for rotation thereby in place of a workpiece. 

28. A method of operating a machine according to claim 12 in which the profile of 
the ground periphery of the workpiece is measured using an optical inspection system enabling 
the profile, to be checked by eye, to be checked against a profile or to be optically projected onto 
a photoelectric device such as a CCD camera of the like, whereby a video signal can be produced 
for processing and/or display on a visual display unit. 

29. A method according to claim 17 in which the preliminary grinds are measured 
whilst the workpiece is still mounted in the grinding station, or in which the workpiece is de- 
mounted and taken to an inspection location for the preliminary grinds around its periphery to be 
measured. 

30. A method according to claim 17 in which the preliminary grinds do not encroach 
into the final size of the wafer so that after the succession of preliminary grinds has been 
completed and the correct position for the grooved grinding wheel has been selected, a final 
grinding step performed on the wafer will allow the latter to be ground to size with the peripheral 
profile correctly located relative to the two parallel faces of the wafer. 

31. A method according to claim 18 in which the preliminary grinds do not encroach 
into the final size of the wafer so that after the succession of preliminary grinds has been 
completed and the correct position for the grooved grinding wheel has been selected, a final 
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grinding step performed on the wafer will allow the latter to be ground to size with the peripheral 
profile correctly located relative to the two parallel faces of the wafer. 

32. A method according to claim 17 for use in positioning grinding wheels which 
cannot be formed and re-formed in situ, particularly metal bonded wheels. 

33. A method according to claim 18 for use in positioning grinding wheels which 
cannot be formed and re-formed in situ, particularly metal bonded wheels. 

34. A method according to claim 19 for use in positioning grinding wheels which 
cannot be formed and re-formed in situ, particularly metal bonded wheels. 

REMARKS 

The above-referenced case, filed herewith, is a national stage filing under 35 U.S.C. 371, 
based upon international patent application serial no. PCT/GB00/01 1562. The international 
patent application was filed with twenty-two (22) claims numbered 1-22. 

During Chapter II proceedings, Applicant amended the claims under Article 34 of the 
Patent Cooperation Treaty so that a total of twenty (20) claims numbered 1-20, including five (5) 
independent claims, remained. Amended claims numbered 1-20 were attached as an Annex to 
the International Preliminary Examination Report dated 02 November 2001 . 

Applicant respectfully notes that several of the claims numbered 1-20 are in improper 
multiple-dependent claim form. In an effort to present the claims in a manner which will 
facilitate efficient review and allowance by the U.S. Patent and Trademark Office, yet while at 
the same time intending to preserve the subject matter thereof, Applicant has herewith amended 
claims numbered 3, 7, 10-13 and 18-20 and added new claims 21-34, all of which represent the 
aforementioned claims numbered 1-20 without the use of multiple-dependent claim form. 
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Applicant respectfully submits herewith a marked-up version of the amended and new 

claims. 37 C.F.R. 1.121(c)(l)(ii). Applicant respectfully submits that claims numbered 1-34 

submitted herewith are in condition for allowance and respectfully requests the Examiner to pass 

said claims 1-34 on to allowance. 

Should the Examiner have any questions concerning the above, or believe that issues 

remain in the case, Applicant respectfully requests the Examiner to contact his undersigned 

counsel, who may be reached by telephone to (513) 841-7032. 

Respectfully submitted, 

ANDREW MARK STOCKER, Applicant 



Date: 




Daniel C. Stelter, Reg. No. 40,830 
Counsel for Applicant 



UNOVA U.K. Ltd., A UNOVA Company 
c/o Cincinnati Machine, A UNOVA Company 
4701 Marburg Avenue, Cincinnati, Ohio 45209 
(513) 841-7032 phone, (513) 841-7020 fax 



CERTIFICATE OF MAILING UNDER 37 C.F.R. § 1.10 

The undersigned hereby certifies that a true and accurate copy of the foregoing 
"Preliminary Amendment Under 37 C.F.R. 1.115" is being deposited with the U.S. Postal 
Service, "Express Mail Post Office to Addressee" service, in an enveloped addressed to the Hon. 
Ass't Comm'r for Patents, United States Patent and Trademark Office, Box PATENT 
APPLICATION, Washington, D.C. 2023 1 , bearing U.S.P.S. "Express Mail" Label Number 
EL245144994US, on this the j^-fU day of I>ec^^t>*-^ . 2001. 
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MARKED-UP VERSION OF AMENDED/NEW CLAIMS TO SHOW CHANGES MADE 

3. (Amended) A method according to claim 1 [or claim 2] for forming and re- 
forming grinding wheels, particularly metal bonded grinding wheels, which is performed in situ. 
7. (Amended) A method according to claim 5 [or claim 6] when used for grinding 

wheels. 

10. (Amended) A machine according to claim 8 [or claim 9] in which both the wheel 

and electrode are rotated. 

1 1 . (Amended) A machine according to [any one of claims] claim 8 [to 10] in which 
the electrode is located to the rear of a vacuum chuck on which is normally mounted a disc-like 
workpiece whose periphery is to be ground. 

12. (Amended) A machine according to [any one of claims] claim 8 [to 10] in which 
a separate disc electrode is employed which is also adapted to be mounted on the workpiece 
mounting device attached to the workpiece spindle for rotation thereby in place of a workpiece. 

13. (Amended) A method of operating a machine according to claim 1 1 [or claim 12] 
in which the profile of the ground periphery of the workpiece is measured using an optical 
inspection system enabling the profile, to be checked by eye, to be checked against a profile or to 
be optically projected onto a photoelectric device such as a CCD camera of the like, whereby a 
video signal can be produced for processing and/or display on a visual display unit. 

18. (Amended) A method according to claim 16 [or claim 17] in which the 
preliminary grinds are measured whilst the workpiece is still mounted in the grinding station, or 
in which the workpiece is de-mounted and taken to an inspection location for the preliminary 
grinds around its periphery to be measured. 

19. (Amended) A method according to [any one of claims] glaim 16 [to 18] in which 
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the preliminary grinds do not encroach into the final size of the wafer so that after the succession 
of preliminary grinds has been completed and the correct position for the grooved grinding wheel 
has been selected, a final grinding step performed on the wafer will allow the latter to be ground 
to size with the peripheral profile correctly located relative to the two parallel faces of the wafer. 

20. (Amended) A method according to [any one of claims] claim 16 [to 19] for use in 
positioning grinding wheels which cannot be formed and re-formed in situ, particularly metal 
bonded wheels. 

21. (New) A method according to claim 2 for forming and re-forming grinding 
wheels, particularly metal bonded grinding wheels, which is performed in situ. 

22. (New) A method according to claim 6 when used for grinding wheels. 

23. (New) A machine according to claim 9 in which both the wheel and electrode are 

rotated. 

24. (New) A machine according to claim 9 in which the electrode is located to the 
rear of a vacuum chuck on which is normally mounted a disc-like workpiece whose periphery is 
to be ground. 

25. (New) A machine according to claim 10 in which the electrode is located to the 
rear of a vacuum chuck on which is normally mounted a disc-like workpiece whose periphery is 
to be ground. 

26. (New) A machine according to claim 9 in which a separate disc electrode is 
employed which is also adapted to be mounted on the workpiece mounting device attached to the 
workpiece spindle for rotation thereby in place of a workpiece. 

27. (New) A machine according to claim 10 in which a separate disc electrode is 
employed which is also adapted to be mounted on the workpiece mounting device attached to the 
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workpiece spindle for rotation thereby in place of a workpiece. 

28. (New) A method of operating a machine according to claim 12 in which the 
profile of the ground periphery of the workpiece is measured using an optical inspection system 
enabling the profile, to be checked by eye, to be checked against a profile or to be optically 
projected onto a photoelectric device such as a CCD camera of the like, whereby a video signal 
can be produced for processing and/or display on a visual display unit. 

29. (New) A method according to claim 17 in which the preliminary grinds are 
measured whilst the workpiece is still mounted in the grinding station, or in which the workpiece 
is de-mourited and taken to an inspection location for the preliminary grinds around its periphery 
to be measured. 

30. (New) A method according to claim 17 in which the preliminary grinds do not 
encroach into the final size of the wafer so that after the succession of preliminary grinds has 
been completed and the correct position for the grooved grinding wheel has been selected, a final 
grinding step performed on the wafer will allow the latter to be ground to size with the peripheral 
profile correctly located relative to the two parallel faces of the wafer. 

31. (New) A method according to claim 18 in which the preliminary grinds do not 
encroach into the final size of the wafer so that after the succession of preliminary grinds has 
been completed and the correct position for the grooved grinding wheel has been selected, a final 
grinding step performed on the wafer will allow the latter to be ground to size with the peripheral 
profile correctly located relative to the two parallel faces of the wafer. 

32. (New) A method according to claim 17 for use in positioning grinding wheels 
which cannot be formed and re-formed in situ, particularly metal bonded wheels. 

33. (New) A method according to claim 18 for use in positioning grinding wheels 
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which cannot be formed and re-formed in situ, particularly metal bonded wheels. 

34. (New) A method according to claim 19 for use in positioning grinding wheels 

which cannot be formed and re-formed in situ, particularly metal bonded wheels. 
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Title : 



^Improvement in and^relating to edge grinding 



Field of invention 

This invention concerns edge grinding methods and apparatus. 
In particular it relates to methods and apparatus for edge 
grinding wafers of semi-conductor material so as to produce an 
accurate peripheral profile. 

Background to the invention 

The present invention seeks to provide a process which grinds 
the overall diameter of a wafer to the desired accuracy, 
typically to better than 10 microns, and apparatus for 
performing the grinding processes required and ensuring that 
the desired accuracy is maintained. 

It is an object of the invention that the method and apparatus 
should be applicable to both notch grinding and edge grinding 
processes, each of which are applicable to the grinding of 
semi-conductor wafers. 

The peripheral profile of a semi-conductor wafer is typically 
triangular in cross-section with the apex of the triangle 
accurately positioned relative to the two flat faces of the 
semi-conductor disc. Typically the position of the apex of the 
triangular cross-section relative to the thickness of the wafer 
(which itself is very carefully controlled) has to be better 
than 10 microns. 

Edge grinding is performed using grooved grinding wheels which 
rough, semi-finish and finish grind the edge profile. The 
profile is then polished as a final manufacturing step. 



A small notch is normally formed at one point around the 
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circumference of such a semi-conductor wafer and typically this 
is formed using another grooved grinding wheel, albeit of very 
small diameter. 

Generally speaking it is also important that the edge profile 
is continued accurately around the inside of the notch. 

The overall process typically comprises the steps of rough 
grinding the periphery of a wafer so as to form two frusto- 
conical surfaces which converge to an annular ridge which 
defines the maximum overall diameter of the wafer, semi -finish 
grinding, to size, finish grinding to low tolerances, and 
finally polishing the ground surfaces. 

Since polishing removes virtually no material, and a finish 
grinding step is almost akin to polishing, it is important that 
the rough grinding and semi -finish grinding steps position the 
two frusto-conical surfaces as accurately as possible relative 
to the faces of the wafer and thereby position the annular 
ridge defined by the two converging surfaces to the required 
degree of accuracy relative to the thickness of the wafer. 

It is therefore an object of the present invention to provide 
a method and apparatus for forming a groove in a grinding wheel 
which will accurately form the desired profile around a wafer. 

It is another object of the invention to provide a method and 
apparatus for positioning a grinding wheel relative to a wafer 
so as to grind frusto-conical surfaces around the edge of the 
wafer to define an annular rim and to position the latter 
accurately relative to the thickness of the wafer. 

It is an object of the invention also to provide a process 
which will be applicable whether the grooved grinding wheels 
are formed and re-formed in situ, or have to be demounted from 
the machine to be re-formed. 
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Summary of the invention 

According to one aspect of the present -invention, a method of 
positioning a grooved grinding wheel relative to a disc-like 
circular workpiece for edge grinding the latter using the 
groove in the wheel to produce two converging frus to-conical 
surfaces around the rim of the workpiece (and position the line 
of convergence accurately relative to the thickness of the 
workpiece) , comprises the steps of mounting the workpiece for 
rotation about a first axis, mounting the grooved grinding 
wheel for rotation about a second parallel axis, effecting 
relative movement between the workpiece and the wheel to engage 
the rim of the wheel within the groove, performing a 
preliminary grind, separating the wheel from the wafer, 
measuring the peripheral rim of the wafer to determine the 
accuracy of its form relative to a template or to stored data 
relating to the desired form, axially adjusting the position 
of the wheel and therefore the groove in response to the 
measurements made on the profile of the rim produced by the 
preliminary grind, re-grinding the rim with a second 
preliminary grind with the grinding wheel located at the 
axially shifted position, measuring the profile of the ground 
rim of the workpiece as before, adjusting the axial position 
of the grinding wheel again, re -grinding the ground periphery 
of the workpiece and repeating the measuring and axial shifting 
steps until the rim profile possesses the desired accuracy, and 
utilising the final position of the grooved grinding wheel for 
grinding future wafers. 

For this method to be useful, it is probably necessary to 
inspect the edge of the workpiece in situ so that there is no 
time wasted in demounting and re -mounting the workpiece each 
time the previous preliminary grind is to be checked. 

According to a another preferred aspect of the invention a 
sequence of preliminary grinds are formed one after the other 
around the ring of a circular workpiece, with a small axial 
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shift of the grinding wheel between each preliminary grind, 
each said preliminary grind being performed over only a small 
arcuate extent of the overall circumference of the rim, the 
rotational position of each said preliminary grind and the 
corresponding axial position of the grooved grinding wheel 
being noted and stored for future reference, and the profile 
obtained by each of the succession of preliminary grinds is 
measured, and the axial position for future grinds is 
determined by reference to the result obtained from each of the 
different preliminary grinds by selecting the axial position 
for the wheel which gave the best profile. 

The preliminary grinds may be measured whilst the workpiece is 
still mounted in the grinding station, or the workpiece may be 
de-mounted and taken to an inspection location for the 
preliminary grinds around its periphery to be measured. 

Since the position of the ridge relative to the two faces of 
the wafer is the same (for any given axial position of the 
grooved grinding wheel) and is independent of the amount of 
material removed from the edge of the wafer, the preferred 
modification described above is particularly advantageous in 
that it is only necessary to make a small radial excursion into 
the periphery of the wafer to form each preliminary grind for 
the subsequent measurements on the ground profile to reveal 
whether or not the position of the grooved grinding wheel is 
correct or not, and according to a further preferred feature 
of this modification of the invention, the preliminary grinds 
do not encroach into the final size of the wafer so that after 
the succession of preliminary grinds has been completed and the 
correct position for the grooved grinding wheel has been 
selected, a final grinding step performed on the wafer will 
allow the latter to be ground to size with the peripheral 
profile correctly located relative to the two parallel faces 
of the wafer. 

The preferred modification can be used for positioning edge 
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grinding wheels and notch grinding wheels. 

The preferred modification of the invention is particularly 
useful for positioning grinding wheels which cannot be formed 
and re-formed in situ. The method is therefore particularly 
applicable to metal bonded wheels. 

The preferred modification is also of advantage in that it can 
be used to open a resin bonded wheel so that a better finish 
is produced by the wheel when the first notch is proper] y 
ground after a groove forming or re-forming step. This arises 
from the fact that when forming a groove in a bonded wheel, the 
groove forming step leaves the surface of the groove relatively 
smooth with grit which will actually grind the frusto- conical 
surfaces of the wafer edge buried beneath the smooth bonding 
material. It is only after the grooved wheel has been used to 
grind the periphery of a wafer that the less hard bonding 
material is abraded away, and grit is exposed. The initial 
grinding step is known as conditioning, and the process is 
described as opening up the wheel. This is of particular 
importance in the case of resin bonded wheels, bun may also 
apply to vitreous material bonded wheels. 

The sequence of preliminary grinds exposes the grit around the 
surfaces of the groove in the grinding wheel and conditions the 
groove so chat when the wheel is then used to grind the 
periphery of the wheel to size, the surfaces of the groove in 
the grinding wheel will be open and the grit exposed so that 
proper grinding of the edge profile will result. 

According to a further aspect of the invention, a method of 
conditioning a grinding wheel in which a groove has been 
formed, comprises the steps of engaging the undercondit ioned 
groove with part of the periphery of the wafer, rotating the 
wafer through a small angle so as to perform a shallow grind 
over a small arcuate extent of the rim of the wafer, dis- 
engaging the wheel from the wafer and axially shifting the 
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wheel or the wafer before re-engaging and performing a similar 
grind over another arcuate region of the wafer and performing 
a sequence of such steps around part or all of the 
circumference of the wafer thereby to remove bonding material 
from the surface of the groove in the grinding wheel and expose 
the grinding grit, and thereby condition the wheel. 

According to a preferred feature of this aspect of the 
invention, the depth to which each of the arcuate grinds is 
performed is limited so as not to encroach into the useful 
material from which the wafer is constructed, so that a final 
grinding process performed on the wafer so as to remove the 
remainder of the extraneous material from the periphery of the 
wafer will still leave a full size wafer with a correctly 
formed profile around its periphery. 

The process of performing a sequence of shallow arcuate grinds 
around a wafer as aforesaid will be referred to as a creep feed 
grind process, and by performing a creep feed grinding process 
as aforesaid, the overall noise associated with the grinding 
process will be reduced. 

Creep feed grinding so as to condition a grooved wheel is of 
particular application to a resin bonded notch grinding wheel 
which tends to be of very small diameter. 

In general it is not possible to form and re-form metal bonded 
grinding wheels in situ, and hitherto it has been normal to 
demount such wheels from a grinding machine and form and re- 
form them at a different location and then re-mount the wheels 
on the machine. This necessitates a groove aligning procedure 
as described in accordance with the preferred modification of 
the invention, and according to a further aspect of the 
invention, a method of forming and re-forming grinding wheels, 
particularly metal grinding wheels is provided which can be 
performed in situ . 
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According to this aspect of the invention, in an edge grinding 
machine in which a workpiece is rotated relative to a rotating 
grinding wheel having a groove formed in its surface for 
grinding the periphery of the workpiece to size and shape, a 
spark erosion electrode is mounted for rotation with the 
workpiece and the wheels to be formed and reformed are axially 
shifted and advanced so that the region thereof which is to be 
formed with a groove or containing a groove which is to be re- 
formed, can be engaged by the spark erosion electrode as the 
latter rotates about the workpiece axis, and forming and re- 
forming of the groove in the grinding wheel is performed by 
rotating the grinding wheel at high speed whilst simultaneously 
rotating the electrode around the workpiece axis so that spark 
erosion is performed around the whole of the circumference of 
the groove . 

According to another aspect of the invention, spark erosion may 
be employed to form the external peripheral surface of a 
forming wheel carried by a work spindle, the forming wheel 
being used in practice to form and re-form grooves in grinding 
wheels for grinding the edge profile and the notch profile of 
a wafer mounted for rotation about the same axis as the forming 
wheel in which a stationary grooved electrode is mounted to the 
machine and is adapted to be moved into close proximity to the 
edge of the forming wheel mounted on the workpiece spindle so 
that part of the arcuate extent of the said circumference is 
embraced by a groove within the electrode and spark erosion is 
performed as the forming wheel is rotated so as to form the 
desired profile around the periphery of the forming wheel to 
enable it to continue to perform its forming and re-forming 
task . 

The invention therefore provides for electro-discharge 
machining of circumferential grooves in grinding wheels and for 
forming the external profile cf a forming wheel in an edge 
grinding machine of which spark erosion is one preferred 
technique . 
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Thus the invention also lies in a machine having fitted thereon 
an arcuate electrode adapted to be moved towards and away from 
the edge of a forming wheel, mounting a forming wheel on a work 
spindle to the rear of a workpiece mounting device such as a 
vacuum chuck, and providing means for advancing the electrode 
so that a groove therein embraces the edge of the forming wheel 
to allow electro-discharge machining to be performed on the 
external circumference of the forming wheel. 

Where the forming wheel is a metal bonded grinding wheel, it 
can be used as an electrode in an electro-discharge machining 
process for forming and re-forming grooves in edge grinding 
wheels and notch grinding wheels mounted on the same edge 
grinding machine . By moving a grooved edge grinding wheel 
axially so as to align with the region thereof in which the 
groove is to be formed (or in which the groove which is to be 
re-formed occupies), is aligned with the forming wheel, and 
advancing the grinding wheel towards the forming wheel, so a 
groove can be formed in the surface of the wheel by electro- 
discharge machining or an existing groove conditioned and re- 
formed as the wheel rotates relative to the periphery of the 
forming wheel electrode. 

Typically bcch the wheel and electrode are rotated. 

In exactly the same way, a groove in a notch grinding wheel can 
be formed and re-formed. 

Whether the electrode comprises a metal bonded grinding wheel 
or is a separate metal disc, it is conveniently located to the 
rear of a vacuum chuck on which a disc-like workpiece will 
normally be mounted. Alternatively a separate disc electrode 
may be employed which is also adapted to be mounted on the 
workpiece mounting device attached to the workpiece spindle for 
rotation thereby in place of a workpiece. 

The measurement of the profile of the ground periphery of the 
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workpiece may be measured using an optical inspection system 
enabling the profile to be checked by eye, to be checked 
against a profile or to be optically projected onto a 
photoelectric device such as a CCD camera or the like, whereby 
a video signal can be produced for processing and/or display 
on a visual display unit. If video signals are obtained, they 
may be stored, processed, compared with template signals, 
subjected to an algorithm to determine the shape of the device 
which produces the signals and otherwise measured and 
investigated to determine the correctness or otherwise of the 
ground profile. If displayed on a visual display unit, the 
enlarged display of the profile may be checked by eye and may 
also be checked against an optical profile device which may be 
offered up to the screen of the visual display unit for 
comparison purposes. 

The invention is of particular application to disc-like 
circular wafers of semi-conductor material, particularly 
silicon. 

The invention will now be described by way of example, with 
reference to the accompanying drawings in which: 

Figure 1 illustrates to an enlarged scale in cross-section, 
part of the edge region of a semi-conductor wafer workpiece; 

Figure 2 is a plan view of a circular workpiece on which a 
number of preliminary grinds have been performed around the 
periphery thereof using the same grooved grinding wheel, but 
in which the wheel has been shifted axially by a small distance 
between each of the grinds; 

Figure 3 is a perspective view showing a circular electrode and 
a notch grinding wheel on one side, and an edge grinding wheel 
on the other showing how grooves in both of the grinding wheels 
can be formed and re-formed by electro-discharge machining; 



WO 01/02133 



PCT/GB00/01562 



10 

Figure 4 is a perspective view of an arcuate electrode which 
can be used for forming and re-forming by electro-discharge 
machining, the periphery of an edge forming wheel carried by 
a work spindle in an edge grinding machine. 

Detailed description of drawings 

Figure 1 comprises a view of part of a disc -like wafer of semi- 
conductor material from which semi-conductor chips are to be 
formed by electron-beam microf abricat ion (EBMF) techniques or 
the like. For accurately locating such a wafer within an EBMF 
machine, the periphery of the disc is formed with a triangular 
cross-section made up of two frusto-conical surfaces 12 and 14 
which meet in an annular ridge 16: The position of the ridge 
16 relative to the flat faces 18 and 20 of the disc 10 must be 
accurate typically to within 10 microns so that distances a and 
b are maintained to a given level of accuracy from one wafer 
to another. 

Figure 2 is a plan view of one side of the wafer 10 showing the 
complete annular frusto-conical surface 14 extending between 
the face 2 0 and the peripheral rim 16 after a series of creep 
feed grinds have been made in the edge of the disc as denoted 
by reference numerals 22, 24, 2 6 and 2 8 respectively. These 
are achieved by engaging the rim of the wafer 10 in a groove 
of a grooved grinding wheel rotating at high speed about an 
axis which is parallel to the axis 3 0 about which the wafer 10 
can be rotated, and incrementally rotating the disc 10 whilst 
so engaged with the groove of the grinding wheel through a 
small arcuate distance such as X as shown in Figure 2 . 

In this way part of the edge region is ground away by the 
groove in the grinding wheel and will appear as a ground region 
22 over the arcuate extent of engagement of the rim of the 
wheel with the grinding wheel during the incremental grind. 
In accordance with the preferred method of the invention, the 
wheel is disengaged whilst the wafer is rotated through another 
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arcuate distance Y (which may be very small if preferred) , and 
after axially shifting the grinding wheel relative to the 
workpiece, the edge of the wafer is again engaged by the groove 
in the grinding wheel and another region (24) of the rim is 
ground. Typically the arcuate extent of each of the ground 
regions 22, 24 etc is similar, and the spacing between 
successive ground regions is also similar. 

Although indicated in Figure 2 as being of similar extent to 
the arcuate extent of each of the ground regions, the regions 
separating each of the different ground regions may be 
inf initessimately small if a large number are to be formed 
around the periphery of the disc. 

The grooved grinding wheel is denoted by reference numeral 32 
in Figure 2, and its axis of rotation by 34. 

The direction of rotation of the disc 10 is denoted by arrow 
3 6 and a typical direction of rotation for the grinding wheel 
32 is denoted by arrow 38. 

The movement of the wheel 32 relative to the disc 10 to engage 
and dis -engage the groove in the wheel with the edge of the 
disc, is denoted by arrow 4 0 and the groove shown in dotted 
outline in Figure 2 is denoted by reference numeral 42. 

Wheel 32 is of relatively large diameter and serves to grind 
the periphery of the disc 10 as described. 

Semi-conductor wafers normally require a notch to be formed at 
one point around their circumference, and such a notch is shown 
at 44 in Figure 2 . The notch is formed by a small diameter 
grinding wheel and the specification for most wafers is that 
the notch must merge with each side face of the wafer with a 
similar smooth f rusto-conical surface, one of which is denoted 
by reference numeral 46 in Figure 2. To this end the notch 44 
is preferably formed by means of a grooved grinding wheel such 



as 48 having a small diameter groove shown in dotted outline 
at 50. By forming the groove with f rusto-conical faces 
complementary to the f rusto-conical surfaces around the notch, 
the engagement of the wheel 50 with the wafer and the grinding 
of a notch will result in appropriate f rusto-conical surfaces 
being formed by the grinding process around the notch itself. 

The angle between the two faces of the groove in the wheel 32 
and in the wheel 4 8 is preferably the same so that the surfaces 
ground by the two wheels, one around the periphery and the 
other around the notch, will be substantially the same. 

Figure 3 shows in perspective view the edge grinding wheel 32 
and the notch grinding wheel 4 8 of Figure 2 # and in each case 
the groove can be seen in the surface of the wheel as at 42 in 
the case of the larger wheel 32, and at 50 in the case of the 
smaller notch grinding wheel 48. 

The axis about which the edge grinding wheel 3 2 rotates is 
denoted by reference numeral 34 as in Figure 2, and the axis 
about which the notch grinding wheel rotates is denoted by 
reference numeral 52 in Figure 3 . 

The axis about which a disc which is to be edge ground and 
notch ground rotates is denoted by reference numeral 54 in 
Figure 3 . 

The disc- like object 56 in Figure 3 could be thought of as 
comprising the workpiece, but in accordance with another aspect 
of the invention, may itself comprise a conductive metal disc 
which forms an electro-discharge machining electrode. This is 
substantially the same in dimensions and peripheral shape to 
the disc- like workpiece shown in Figure 1, except that the rim 
is formed very accurately with the desired triangular cross- 
sectional shape, with the apex of the triangle at precisely the 
correct position relative to the two parallel faces of the 
electrode. By moving the wheel 32 so as to introduce the edge 
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of the electrode 56 into the groove 42, electro-discharge 
machining will occur as the two items are rotated provided an 
appropriate electrical current is maintained across the gap. 

In a similar way the groove 5 0 can be formed and re-formed in 
the smaller diameter notch grinding wheel 48. 

The disc 56 may be permanently mounted on a work spindle in an 
edge grinding machine or may be adapted to be mounted on the 
workpiece holder which may comprise for example a vacuum chuck. 

To the rear of the vacuum chuck may be mounted a forming wheel 
as shown in Figure 4 . Here the wheel is only partly shown at 
58 but essentially comprises a circular disc the cross-section 
of which is similar to than shown in Figure 1 for the 
workpiece. The edge of the disc 58 is formed with a similar 
triangular cross-section profile generally designated 60 that 
is similar to the edge profile to be formed around the 
workpiece and for convenience and maximum accuracy and speed, 
the groove 42 in the edge forming wheel 3 2 of Figure 3 may be 
formed and re-formed in situ by simply moving the wheel 3 2 
axially so that the groove 42 aligns with the forming wheel 58 
and bringing the two wheels together so that the periphery 6 0 
of the forming wheel 5 8 removes the material to form the groove 
42 in the first place, or simply re-forms the groove as 
required as the wheel 32 becomes worn. 

The triangular cross-section of the edge of the forming wheel 
may itself be formed and re-formed in situ by electro-discharge 
machining using an arcuate electrode 62 having formed in its 
curved surface 64 a complementary groove 66, the cross-section 
of which is similar to the triangular section of the workpiece 
shown in Figure 1 which is to be formed around the forming 
wheel 58 in the region denoted by 60. The electro-discharge 
process is performed by establishing an electric current in 
known manner between the electrode 62 and the forming wheel 58 
and for this purpose the forming wheel must be conductive and 
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is typically a metal bonded wheel. 



<J 22-10-2001 



.I/O! o AS 7'Si 7" « SH^O? S i® B0001 562 



15 



C534.01/W 



CLAIMS 



1. A method of conditioning a grinding wheel in which a groove has been formed, 
comprising the steps of engaging the unconditioned groove with part of the periphery 
of a wafer workpiece, rotating the wafer through a small angle so as to perform a 
shallow grind over a small arcuate extent of the rim of the wafer, dis-engaging the 
wheel from the wafer and axially shifting the wheel or the wafer before re-engaging 
and performing a similar grind over another arcuate region of the wafer and 
performing a sequence of such steps around part or all of the circumference of the 
wafer thereby to remove bonding material from the surface of the groove in the 
grinding wheel and expose the grinding grit, and thereby condition the wheel. 

2. A method according to claim 1 in which the depth to which each of the arcuate 
grinds is performed is limited so as not to encroach into the useful material from 
which the wafer is constructed, so that a final grinding process performed on the 
wafer so as to remove the remainder of the extraneous material from the periphery of 
the wafer will still leave a full size wafer with a correctly formed profile around its 
periphery. 



3. A method according to claim 1 or claim 2 for forming and re-forming grinding 
wheels, particularly metal bonded grinding wheels, which is performed in situ. 



4. An edge grinding machine in which a workpiece is rotated relative to a rotating 
grinding wheel having a groove formed in its surface for grinding the periphery of 
the workpiece to size and shape, in which a spark erosion electrode is mounted for 
rotation with the workpiece, and the wheel to be formed and reformed is axially 
shifted and advanced, so that the region thereof which is to be formed with a groove 
or containing a groove which is to be re-formed can be engaged by the spark erosion 
electrode as the latter rotates about the workpiece axis, and forming and re-forming 
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of the groove in the grinding wheel is performed by rotating the grinding wheel at 
high speed whilst simultaneously rotating the electrode around the workpiece axis so 
that spark erosion is performed around the whole of the circumference of the groove. 

5. A method of forming the external peripheral surface of a forming wheel carried by a 
work spindle, in which the forming wheel is used to form and re-form grooves in 
grinding wheels for grinding the edge profile and the notch profile of a wafer 
mounted for rotation about the same axis as the forming wheel, and in which a 
stationary grooved electrode is mounted to the machine and is adapted to be moved 
into close proximity to the edge of the forming wheel mounted on the workpiece 
spindle so that part of the arcuate extent of the said circumference is embraced by a 
groove within the electrode, and electro-discharge machining is performed as the 
forming wheel is rotated so as to form the desired profile around the periphery of the 
forming wheel to enable it to continue to perform its forming and re-forming task. 

6. A method according to claim 5 in which the electro-discharge machining comprises 
spark erosion. 

7. A method according to claim 5 or claim 6 when used for grinding wheels. 

8. A machine having fitted thereon an arcuate electrode adapted to be moved towards 
and away from the edge of a forming wheel, the forming wheel being mounted on a 
work spindle to the rear of a workpiece mounting device such as a vacuum chuck, 
and means for advancing the electrode so that a groove therein embraces the edge of 
the forming wheel to allow electro-discharges machining to be performed on the 
external circumference of the forming wheel. 

9. A machine according to claim 8 in which the forming wheel is a metal bonded 
grinding wheel used as an electrode in an electro-discharge machining process for 
forming and re-forming grooves in edge grinding wheel and notch grinding wheels 
mounted on the same edge grinding machine. 
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10. A machine according to claim 8 or claim 9 in which both the wheel and electrode are 
rotated. 

11. A machine according to any one of claims 8 to 10 in which the electrode is located 
to the rear of a vacuum chuck on which is normally mounted a disc-like workpiece 
whose periphery is to be ground. 

12. A machine according to any one of claims 8 to 10 in which a separate disc electrode 
is employed which is also adapted to be mounted on the workpiece mounting device 
attached to the workpiece spindle for rotation thereby in place of a workpiece 

13. A method of operating a machine according to claim 11 or claim 12 in which the 
profile of the ground periphery of the workpiece is measured using an optical 
inspection system enabling the profile, to be checked by eye, to be checked against a 
profile or to be optically projected onto a photoelectric device such as a CCD camera 
of the like, whereby a video signal can be produced for processing and/or display on 
a visual display unit. 

14. A method according to claim 13 in which video signals are obtained, are stored, 
processed, and compared with template signals, subjected to an algorithm to 
determine the shape of the device which produces the signals, and otherwise 
measured and investigated to determine the correctness or otherwise of the ground 
profile. 

15. A method according to claim 13 in which signals are displayed on a visual display 
unit, the enlarged display of the profile being checked by eye and/or checked against 
an optical profile device offered up to the screen of the visual display unit for 
comparison. 

16. A method of positioning a grooved grinding wheel relative to a disc-like circular 
workpiece for edge grinding the latter using the groove in the wheel to produce two 
converging frustoconical surfaces around the rim of the workpiece, comprising the 
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steps of mounting the workpiece for rotation about a first axis, mounting the grooved 
grinding wheel for rotation about a second parallel axis, effecting relative movement 
between the workpiece and the wheel to engage the ritn of the wheel within the 
groove, performing a preliminary grind, separating the wheel from the wafer, 
measuring the peripheral rim of the wafer to determine the accuracy of its form 
relative to a template or to stored data relating to the desired form, axially adjusting 
the position of the wheel and therefore the groove in response to the measurements 
made in the profile of the rim produced by the preliminary grind, re-grinding the rim 
with a second preliminary grind with the grinding wheel located at the axially shifted 
position, measuring the profile of the ground rim of the workpiece as before, 
adjusting the axial position of the grinding wheel again, re-grinding the ground 
periphery of the workpiece and repeating the measuring and axial shifting steps until 
the rim profile possesses the desired accuracy, and utilising the final position of the 
grooved grinding wheel for grinding future wafers. 

17. A method according to claim 16 in which a sequence of preliminary grinds are 
formed one after the other around the rim of the circular workpiece, with a small 
axial shift of the grinding wheel between each preliminary grind, each said 
preliminary grind being performed over only a small arcuate extent of the overall 
circumference of the rim, the rotational position of each said preliminary grind and 
the corresponding axial position of the grooved grinding wheel being noted and 
stored for future reference, and the profile obtained by each of the succession of 
preliminary grinds is measured, and the axial position for future grinds is determined 
by reference to the result obtained from each of the different preliminary grinds by 
selecting the axial position for the wheel which gave the best profile. 

18. A method according to claim 16 or claim 17 in which the preliminary grinds are 
measured whilst the workpiece is still mounted in the grinding station, or in which 
the workpiece is de-mounted and taken to an inspection location for the preliminary 
grinds around its periphery to be measured. 
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19. A method according to any one of claims 16 to 18 in which the preliminary grinds do 
not encroach into the final size of the wafer so that after the succession of 
preliminary grinds has been completed and the correct position for the grooved 
grinding wheel has been selected, a final grinding step performed on the wafer will 
allow the latter to be ground to size with the peripheral profile correctly located 
relative to the two parallel faces of the wafer. 



20. A method according to any one of claims 16 to 19 for use in positioning grinding 
wheels which cannot be formed and re-formed in situ, particularly metal bonded 
wheels. 
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As a below-named inventor, I hereby declare the following: 

► My residence, post office address and citizenship are as stated below, next to my name. 

► I believe that I am an original, first and sole inventor (if only one name is listed below) or joint inventor (if more than 
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"j Improvement in and relating to edge grinding " > 
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